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abstract

~’he 1.)roton pre<iic:tion s y s t e m  (PPS86) Clc!vc,]oped k)y

the fluxes c)f sc)lar flare c!ject,ed  prc)l-o)]s in the vic:ini

tucles c)f ~.)rc)t<)n  fluxes :~IJCET the flare relate!cl

VUI,CAN arrive:: in minutes: as c)p~ )0s P(] t o hc)urs c)r



Introcluction



the ir)ner heliosphere and were reaclily av~iilabl~  fclr di:; c-ussic~ns on the scientific

as WC]] as pl-aetical ,Isperts c,f theil wc,rk. ~l}lc>ss re<isc)r]~ tc)gether with the lc~ng

clc~rt~rl~c,rltcitic~n  ancl implementatic~n  histcl~y char,~cteriz,ing PP:;86 mac]e it a gc]cjci c-hc~ice

fc~r the basis c>f VUIKAN,

VUI,CAN relies c]rl 1-8 A“ X-ray clata frcm~ the Natic)lla] Oceanc>graphir  anti

Atn~c>sphcrie  AciJllinistratic~n fc)r inciication  of sc)lar f]art artivity. ‘1’he peak flux,

the tim~ of cietectic)il ancl the latitucle anti Ic)llgitucle assuciatecl with the flare are

alsc) sent. Recluireci  planetary clata is prcwicl{,cl  by the f;PIC’F:’  [8] system frc)m th<,

Naviqatic)n Systems Sec:tion c,f l’h~, Jet P?c)pulsic,n L,a}.,c>ratory,

Aclvantfigc:s c>f usinq VUI,~AN include iwprc>ved efficiency in solving ground

link ancl instrumentation fa~lure prc,b]{,ms, sp,~cifie c,ptiorls r-elating t.c> the delay

c~f eclllulltlrlic~ltic)ns  between c~rouncl stations unt i 1 ~<!~ik cli :turbances have s,uhside cl,

anti pc)sjsible c~ppc)r t unities, f c]r Cc)ncluc-t i ng s>r. i <,nce c> bserv <it i c~ns . It shcjulci be men-

tic)nc’ci  that the rc)nsens,Lls c)f the srientifi~ collmunity is that the underlying thec)yy

USCICI in the cleterminatic)n of protc)n  fluxes is valici if t}jc pc)int c)f preclietic}n “1 ?>

near the p]anc. containing the solar ecp-latol . For poirlts away frcml the solar

equaic>r , breakclc,wn c~f the p~c)pagatic~n  thec~ry n,ay c)ccur . VUIL’AN has the rapak)j]ity

c>f irlcc)rpc)rating  arbitrary trajectc)ries irltc) its c;r~phi~:, and c-cmput,at  ic)rlal  mcjcl-

u]es tc~ clerive a preclietic>n c]f fluxes at. points away frc)m tl~o sc]lar ec~uatc)rr thus

c>nabl ing expel imentation with the prcqram to c3etermine  tile 1 imits c)f the theory.

Flare Angle Determination

Background



liar genera]izeci  fc)rm of

lilVC> @S@C,7<n.An



I
II

?

\*
?*
&

. ’

I

pldne and T sun pianc;

.,

1!

4) E., ‘T f.

(1.)) t.o~”)  perspect.i ve c)f E - sun p] aIIe and T sur) p] tlrle

Figure 1

l’arget and earth p] {irl~s s .i cie ar]d Lc)j) vi ews



.11< flare ang] c> c~xtrallcllat i cln alg{]ri thm i s tc, c,c)m~.)utc, this adjusted

ven the lc)rlgi tucie c)f the flt~r-e as sent k)y l~c)[dclc,r . ]n c)rclcr tc) clerive

lc)r)c~itucic,  to ec)nputc,  t hc! f Jux at a F)c)i nt T, w<, mus t use the flare
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Figure 2

orbital psrspect. ive of Large L anti Qar LfI



planet s FL I-e ec)nlputecl  with respc?ct to ar] x -  y - z  cc)c)rdjr]atc  system Whc,rs> the x - y

sLlffic.ierlt fc~r cietermining @,’CO. Fcr ●xam~,le , if the eal ill aricl tarc~et

s, am c’ cJLlacirants c) 1 C2 -r e irl Oppc)sitc quacirants (1 ancl 111 or 1] and IV

are in the

it is ncjt

usec~ tc) cicterminc’ the

Pigurc 3, a target in

relative positic>ns c)f flare anti target . F’c)r cxanl~.>let  in

3 or 4. In pclsitic]n 3,

if T is at pc>sitic)n 4,
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@’,TI). These ambiguit ies, are r-c:sc)lvecl I)y use c~f the arctarj furlc-tion. Fc)r example,

it can 1x2 cieterminecl, th~it in quadrant I arc-lan(yTl/xTl)  > alctarl(yF/xr)  . We can USe

3 ancl the flare j~ @ - ~)t, ?,. Also, sine-c aretan(yT~/xf~)  > arc. tan (yc/xo , the

Analysis



A(:t-  J’,,)+ ];{.?- ?/,,)+ (:(2- 20)= () (1)

(/”,Z/y =. () =;, (/’ : () (3)

Ax’,, -t m),, = o (4)

I)ivicling thrc,ugh by A and r<!naming E1/A to K , we have that



ancl

:(- (i) : c+
‘1’hus , the possil)le CcJc)rclirlaLes  fc, r the t.-pc, i nt ar{

(11)

(1’2)

(8)

(9)

(10)

PC~LIFlt Clr ir) 2 IJl aces”. We C-cmlpute  the clistarlte frc~m (xi,, yl,, O) tc] each set of cc~c~r-

Clinates (X+ ,y+  ,~)  and (X- ,y - , O) where the fc>rmer cieIJcJtes the positiv~ rc, c)ts c)f
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Graphics

Archimedean  Spiral

E’c]r points in the, inner helic~sphere  nc>a~ t}fe plarle of the scjlar ec]uatc)r, present

mocle]s  of :;~]ar part-i c>] e LrarLsport_ as,:jun~e  that the, prot ons travel al ong a pathway

in the fc~rm of an Archimedean  or Parker SPil~ll [111 !;iv~’rl  ~~Y
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C’rc]ss mu) t j ply; rrg and expandi nq qivcs

f{? ’., - d((.),7)) =“- @Ad(’.),  T) (19)

-resultjng  in

(20) .

(21)

(/((”:, T).— _ —.—. ‘-’( = ‘]’A>;> () ~~ (22) ,
7 ‘,

Visual configurations

E{ackground



Solar System Graphics

the bL]ttc~n

right hancl
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arid then

lLIF, energy

the ().8 tc, 3 .2 megavc]lt range ancl c)nc, for prc~lc

P’c)I  f2ach energy range>, we list the clnset time’

anti the t inw Cancl value of nmx i mum f ]UY. . Si rice L
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